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7DEOH  $QDO\VLVDQG&DOFXODWHG5HVXOWV
)RUFH &DOFXODWHG9DOXHLQ 1
2EWDLQHGYDOXHIURP
DQDO\VLVLQ 1 HUURU
4   
3   
55   
5   
7KHUHVXOWVREWDLQHGE\DQDO\VLVDUHDOPRVWHTXDOWRWKHFDOFXODWHG YDOXHV ZKLFKDUH VKRZQLQ7DEOH7KHHUURU
H[FHSW LQ WKHFDVHRI IRUFH 5FDQEHQHJOHFWHG6LQFH WKHZKROH IDFHRI WKHEROWZKLFK LV LQFRQWDFWZLWK WKH WRS
FDVLQJFDQQRWEHVHOHFWHGWRGHWHUPLQHWKHUHVXOWDQWWKHHUURUFDQEHMXVWLILHG$VWKHIRUFHVFDOFXODWHGKDYHJRRG
FRUHODWLRQ LWFDQEHFRQFOXGHG WKDW IXUWKHUFDOFXODWLRQVFDUULHGRXW LQ WKHDQDO\WLFDOPHWKRGDUH YDOLG+HQFH WKLV
SURFHGXUHFDQEHDGRSWHGWRGHVLJQWKHVWHDPWXUELQHFDVLQJ
 02'(//,1*
7KHDQDO\WLFDOSURFHGXUHLVDGRSWHGWRGHWHUPLQHWKHFDVLQJDQGIODQJHWKLFNQHVVHVDWYDULRXVVWDJHV7KHIODQJH
ZLGWK DQGWKHUHTXLUHGEROWVL]HVDUHDOVRGHWHUPLQHG7KLVGLPHQVLRQDOGDWDLVWKHQXVHGWRFRQVWUXFWWKH'PRGHO
RI WKH FDVLQJ XVLQJ 8QLJUDSKLFV DV VKRZQ LQ )LJXUH 7DEOH  DQG 7DEOH  JLYHV WKH FDOFXODWHG DQG DGRSWHG
GLPHQVLRQVRIWKHFDVLQJ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7DEOH  &DOFXODWHG9DOXHV
6O
1R 3DUDPHWHU
$W
QR]]OH
FKHVW
$WVW
6WDJH
$W
WK
6WDJH
$WHQG
RI,3
6WDJH
 &DVLQJWKLFNQHVV    
 )ODQJHWKLFNQHVV    
 )ODQJHZLGWK    
 %ROW'LDPHWHUV 0 0 0 0
$OOGLPHQVLRQVDUHLQPP
7DEOH  $GRSWHG9DOXHV
6O
1R 3DUDPHWHU
$W
QR]]OH
FKHVW
$WVW
6WDJH
$W
WK
6WDJH
$W
HQG
RI,3
6WDJH
 &DVLQJWKLFNQHVV    
 )ODQJHWKLFNQHVV    
 )ODQJHZLGWK    
 %ROW'LDPHWHUV 0 0 0 0
$OOGLPHQVLRQVDUHLQPP
)LJ 'PRGHORI6WHDP7XUELQH&DVLQJZLWK%ROWV
'FDVLQJPRGHO LV WDNHQXS IRU FRQWDFW SUHVVXUH DQG VWUXFWXUDO DQDO\VLV%\ FDUU\LQJRXW WKH FRQWDFW SUHVVXUH
DQDO\VLVLWZLOOEHWDNHQFDUHWKDWUHTXLUHGFRQWDFWSUHVVXUHLVPDLQWDLQHGDWWKHSDUWLQJSODQHDQGWKXVQRVWHDPOHDNV
RXWRIWKH FDVLQJ%\ FDUU\LQJRXWWKHVWUXFWXUDODQDO\VLVWKHVWUHVVHVDQGGHIOHFWLRQVLQWKHFDVLQJFDQEHGHWHUPLQHG
 3UREOHP'HVFULSWLRQ
7KHPDLQREMHFWLYHRIWKLV ZRUNLVWRGHYHORSDSURFHGXUH WRYDOLGDWHDQGHYDOXDWHWKHSDUDPHWHUVUHTXLUHG
WRGHVLJQDVWHDPWXUELQH FDVLQJ 7KH ILQLWHHOHPHQWDQDO\VLVJLYHVDFRPSOHWHSLFWXUHRIPHFKDQLFDO EHKDYLRXU RI
WKHIODQJHVWUXFWXUHVDQGGHVLJQJXLGHOLQHVZLWKRXWFRVWO\H[SHULPHQWV'PRGHORIWKHWRSDQGERWWRPFDVLQJLV
JHQHUDWHG DQG VXEMHFWHG IRU DQDO\VLV &RQWDFW SUHVVXUH DQDO\VLV ZDV SHUIRUPHG WR YDOLGDWH VWUXFWXUDO LQWHJULW\ RI
FDVLQJ)LJXUH  LQGLFDWHVEDVHOLQHJHRPHWU\RISDUWLQJSODQHRIVWHDPWXUELQHFDVLQJZLWKRXWUHOLHI,QWKLVEDVHOLQH
GHVLJQWKHUHTXLUHGFRQWDFWSUHVVXUH ZDV QRWDFKLHYHG+HQFH DIHZGHVLJQPRGLILFDWLRQVZHUH GRQHWRWKHERWWRP
FDVLQJDQGDUHOLHI ZDV SURYLGHGDVLQGLFDWHGLQ)LJXUH 7KHPRGLILFDWLRQVLQWKHGHVLJQDWWKHSDUWLQJSODQHZLWK
UHOLHIKDYHUHVXOWHGLQWKHGHVLUHGFRQWDFWSUHVVXUH7KH UHTXLUHGFRQWDFWSUHVVXUHWLPHVWKHSUHVVXUHDWUHVSHFWLYH
VWDJHLVDFKLHYHGLQWKHKLJKSUHVVXUHDVZHOODVLQWKHLQWHUPHGLDWHSUHVVXUHVWDJHV
 0HWKRGRORJ\
6WHDPWXUELQHFDVLQJLVDQLGHDOH[DPSOHRI$[LV\PPHWULF VWUXFWXUH7KH$[LV\PPHWULFPRGHORIVWHDPWXUELQH
1752   K. Laxminarayan et al. /  Procedia Materials Science  5 ( 2014 )  1745 – 1754 
FDVLQJLV DQDO\VHG WRUHGXFHWKHFRPSXWDWLRQDOWLPHLQ)($SDFNDJH+HQFHRQHVHFWRURIWKHV\VWHPLVFRQVLGHUHG
IRUWKHDQDO\VLV7KHDQDO\VLVLVFDUULHGRXWE\DSSO\LQJGHVLJQSUHVVXUHRI03DDQGEROWSUHWHQVLRQORDGRIH
1 LQ $16<6 DQG UHVXOWV DUH YDOLGDWHGZLWK DQDO\WLFDOPHWKRG /LQHDU VWDWLF DQDO\VLV LV FDUULHG RXW WR GHYHORS D
FXVWRPPDGHPHWKRGRORJ\WRYHULI\WKHFRQWDFWSUHVVXUHDWSDUWLQJSODQH&RQWDFWSUHVVXUHDFKLHYHGDWWKHSDUWLQJ
SODQHVKRXOGEHWKUHHWLPHVWKHLQWHUQDOSUHVVXUH7KLVHQVXUHVWKDWWKHFDVLQJLVVDIHDQGWKHUHZLOOQRWEHDQ\VWHDP
OHDNDJH &KURPLXP VWHHO LV XVHG IRU FDVLQJ DQG EROWV PDWHULDO ZLWK\LHOG VWUHVV RI  03D <RXQJ¶V PRGXOXV
03DGHQVLW\NJP DQG3RLVRQ¶VUDWLR
)LJ*HRPHWU\ ZLWKRXW UHOLHI )LJ*HRPHWU\ZLWKUHOLHI
)LQLWH (OHPHQW0RGHO
)LJ )LQLWH(OHPHQW0RGHO
)LJXUH  VKRZVWKH )($PRGHOXVHGIRUDQDO\VLV7KH HOHPHQWW\SHXVHGIRUDQDO\VLVLV 6ROLGQRGHG
7HWUDKHGURQ 1RRIHOHPHQWV 1R RIQRGHV 7DEOH  DQG 7DEOH VKRZWKH ORDGVFRQVLGHUHGRQWKH
)LQLWH(OHPHQW 0RGHO)LJXUH  VKRZVWHPSHUDWXUHDQGSUHVVXUHDSSOLHG LQVLGHFDVLQJ
7DEOH  $SSOLHG3UHVVXUH/RDG
'HVFULSWLRQ 5HJLRQ 3UHVVXUH03D
:&3 $ 
QG6WDJH % 
UG6WDJH & 
WK6WDJH ' 
WK6WDJH ( 
WK6WDJH ) 
WK6WDJH * 
WK6WDJH + 
WK6WDJH , 
WK6WDJH - 
$IWHUWK6WDJH . 
$W*ODQG VHDO
ORFDWLRQ / 
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)LJ$SSOLHG 7HPSHUDWXUHDQG3UHVVXUHORDG LQVLGHFDVLQJ
7DEOH  3UHWHQVLRQLQ%ROWV
5HJLRQ 7HPSHUDWXUH&
%ROW
6L]H
PP
1R
RI
%ROWV
3UHWHQVLRQ
1
$    
%    
&    
'    
(    
)    
*    
+    
,    
-    
.    
/    
0    
1    
5HVXOWVDQG'LVFXVVLRQV
)LJ &RQWDFW3UHVVXUH QRW DFKLHYHG )LJ &RQWDFW3UHVVXUHDFKLHYHG
)LJXUH  H[SODLQVWKHUHTXLUHGFRQWDFW SUHVVXUH LV OHVV'XH WRWKHODFNRIFRQWDFWSUHVVXUHWKHVWHDPPD\OHDNDW
WKH ZKHHO FDVH 7KLV UHTXLUHV VRPH GHVLJQ PRGLILFDWLRQ WR EH GRQH DW WKH SDUWLQJ SODQH WR DFKLHYH WKH UHTXLUHG
FRQWDFW SUHVVXUH6R D UHOLHI LV SURYLGHGWRWKHERWWRPFDVLQJ XSWR HQGRIKLJKSUHVVXUHVWDJHVRDVWRLQFUHDVHWKH
FRQWDFWSUHVVXUHWRWKHUHTXLUHG H[WHQW )LJXUH VKRZV WKH FRQWDFW SUHVVXUH LVLQFUHDVHG DIWHUSURYLGLQJUHOLHI
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)LJ 7RWDO'HIRUPDWLRQ )LJ 9RQ0LVHVVWUHVVGLVWULEXWLRQIRU&DVLQJ
7KHWRWDOPD[LPXPGHIRUPDWLRQLVIRXQGWREH  PP DV VKRZQLQILJXUH7KH9RQ0LVHVVWUHVVGLVWULEXWLRQ
IRUWKHFDVLQJLVVKRZQLQILJXUH7KHSHDNVWUHVVHV DUHIRXQG WREH 03D
 &RQFOXVLRQV
7KHFODVVLFDOPHWKRGLQFRPELQDWLRQZLWKNQRZOHGJH EDVHGHQJLQHHULQJLVXWLOL]HGWRLGHQWLI\WKHWULYLDODUHDVLQ
WKH GHVLJQ RI WXUELQH FDVLQJ &XVWRP PDGH PHWKRGRORJ\ LV GHYHORSHG WR DFKLHYH WKH VWUXFWXUDO LQWHJULW\ RI WKH
FDVLQJZLWK WKH DFFRPSOLVKPHQW RI VLPXODWLRQ HQJLQHHULQJ 6HQVLWLYLW\ DQDO\VLV LVPDGH SRVVLEOHZLWK WKH DLG RI
PRGHUQFRPSXWHUVZKLFKDOORZVWKHXVHUWRH[SORUHWKHFULWLFDOLW\LQWKHFRUH GHVLJQ7KH VWXG\KDVPDGHLWSRVVLEOH
WRPHHWWKHGHVLJQFRQVLGHUDWLRQVVXFFHVVIXOO\DQGDFKLHYHWKHUHTXLUHGVDIHW\IDFWRUVIRUH[LVWLQJPDQXIDFWXULQJDQG
GHVLJQXQFHUWDLQWLHV7KHSUHVHQWVWXG\RQVWUHQJWKRIVWHDPWXUELQHFDVLQJIRUDJLYHQRSHUDWLQJFRQGLWLRQVUHYHDOV
WKDW WKH RSWLPL]HG FDVLQJ JHRPHWU\ VKDOO EH XVHG DV GHVLJQ PRGLILFDWLRQ IRU IXWXUH &RPSDULQJ WKH UHVXOWV IURP
DQDO\WLFDOPHWKRG DQG WKH ILQLWH HOHPHQW DQDO\VLV LW VKDOO EH VXPPDUL]HG WKDW D JRRG FRUUHODWLRQ LV REVHUYHG DQG
PHWKRGRORJ\DGRSWHGKDVSURPLVHGWKHFRQILGHQFHLQGHVLJQ
5HIHUHQFHV
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